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Objective: To examine the clinical outcome of percutaneous coronary intervention where the
procedure was complicated by vessel perforation.
Setting: Tertiary referral centre.
Methods: The procedural records of 6245 patients undergoing coronary intervention were reviewed.
In 52 patients (0.8%) the procedure was complicated by vessel perforation, ranging from wire exit to
free flow of contrast into the pericardial space. The majority of lesions treated were complex (37% type
B, 59% type C) and 9 of 52 (17%) were chronic occlusions. Ten patients (19%) received abciximab.
Four underwent rotational atherectomy (8%).
Results: In 28 of 52 patients (54%) the perforation was benign and managed conservatively without
the development of haemodynamically significant sequelae. In 24 of 52 (46%) a significant pericardial
effusion ensued requiring drainage. Of these 24 procedures 6 had involved the treatment of a chronic
occlusion (25%). Eight of the 24 patients were referred for emergency bypass surgery (33%), 3 of
whom died. Of the remaining 16 not referred for surgery, 3 died. Of the 10 procedures complicated
by vessel perforation where abciximab had been administered, 9 (90%) led to pericardial tamponade.
Latterly 2 vessel perforations were successfully treated by the deployment of a covered stent.
Conclusions: Coronary artery perforation with sequelae during intervention is rare—26 of 6245
(0.4%). This complication was seen in the treatment of chronic occlusions, which are therefore not risk-
free procedures. The development of pericardial tamponade carries a high mortality. While prompt
surgical intervention may be life saving, expertise in the use of covered stents may provide a valuable
rescue option for this serious complication. Caution should be exercised where coronary perforation
occurs and abciximab has been used.

Vessel perforation during or following percutaneous
coronary intervention (PCI) is a rare complication of this
procedure. Previous reports cite an incidence of between

0.2–0.6%1–6 and while some of these series were reported dur-
ing the era of balloon angioplasty alone, more recent studies
have referred to intervention using newer devices including
stents and rotational and directional atherectomy. Not all
authors have included the full spectrum of pathology in their
definition of vessel perforation. This may range from mere
vessel puncture by the guidewire resulting in minimal dye
staining without adverse haemodynamic consequences, to
“wire exit”, to vessel rupture followed by brisk extravasation
of blood and dye into the pericardial space leading to tampon-
ade and abrupt haemodynamic collapse.

As the range of equipment available to the interventional
cardiologist evolves, together with necessary operator exper-
tise, more complex coronary anatomy is being treated
percutaneously. Abrupt vessel closure in the catheterisation
laboratory is often successfully resolved by stent deployment,
together with parenterally administered platelet inhibitors.
Therefore, the demand for emergent surgical rescue for this
scenario has decreased.7 On the other hand, as calcified, tortu-
ous, and occluded vessels are increasingly treated by percuta-
neous means, vessel perforation is likely to persist. Further-
more, widespread use of glycoprotein IIb/IIIa inhibitors
introduces a compounding factor influencing the clinical con-
sequences of perforation.

In this study we have analysed the prospectively recorded
procedural data on all patients attending this institution for
PCI between 1995 and 2001, and we report the incidence and
outcome of vessel perforation in this cohort.

METHODS AND PATIENTS
A total of 6245 patients underwent PCI between 1995 and
2001. Their ages ranged from 20–95 years (median 64) and
4467 of them were men. The majority of lesions treated in
these patients were classified as American College of
Cardiology/American Heart Association class B or C. All
procedural data were entered on to the catheterisation labora-
tory database. Procedures were performed according to
conventional guidelines applicable at the time of treatment.
The choice of equipment and access were determined by the
operator. All patients received heparin at the time of interven-
tion and all received aspirin afterwards unless a specific con-
traindication existed. Patients receiving an intracoronary stent
were also treated with either ticlopidine or clopidogrel accord-
ing to contemporary guidelines.

Coronary perforation was defined as evidence of extravasa-
tion of dye or blood from the coronary artery during or
following the interventional procedure. This was determined
either by angiographic appearances consistent with dye
outside of the vessel lumen or by echocardiographic evidence
of a pericardial effusion. Pericardial tamponade was defined
by one or more of the following criteria: (a) systemic hypoten-
sion (systolic blood pressure < 90 mm Hg) with evidence of
pulsus paradoxus on clinical or invasive assessment; (b)
echocardiographic evidence of pericardial fluid collection,
major respiratory variation in transmitral Doppler velocity,
dilated inferior vena cava failing to collapse with inspiration,
or right ventricular free wall collapse in diastole; and (c)
angiographic evidence of significant collection of dye in the
pericardial space. Where possible an emergency echocardio-
gram was performed when tamponade was suspected but,
where the clinical scenario demanded it, pericardial drainage
was carried out without prior imaging.
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Statistical analysis
Where appropriate, groups were compared by the χ2 test and a
value was considered significant if p < 0.05.

RESULTS
Over the six year period incorporating 6245 PCIs, 52 cases of
vessel perforation were recorded (0.8%). Table 1 lists the base-
line clinical and angiographic characteristics of the patients
with surgery complicated by perforation. A relatively high
proportion of the patients in this subset were women (48% v
28% in the study cohort). In 28 of the 52 patients (54%) the
perforation was benign and conservative treatment alone was
required. Outcome was good in all of these instances. In the
remaining 24 of 52 interventions (46%) a haemodynamically
significant pericardial effusion ensued requiring drainage.
Figure 1 illustrates the subsequent management of this group
of patients. Eight of the 24 (33%) were referred for emergency
coronary artery bypass grafting, three of whom died. Patients
were referred to surgery when pericardial drainage had not
corrected the initial haemodynamic compromise or when per-
sistent significant bleeding from the drainage catheter was
observed. Of the remaining 16 patients who were not referred
for surgery, three died (19%). Therefore, the total mortality in
patients who developed pericardial tamponade was 6 of 24
(25%). Latterly in two cases the coronary perforations were
treated by the deployment of a covered stent with good
outcome in both instances. Six of the 24 cases (25%) had
involved treatment of a chronic occlusion.

Table 2 lists the device used for intervention, the type of
guidewire used during the procedures that resulted in
perforation, and the dose of heparin administered during the
procedure. Only four instances of coronary perforation were
reported during or after rotational atherectomy, three of which

resulted in tamponade. This was only 1.2% (3/254) of the total
number of rotational atherectomy procedures performed dur-
ing this period. This did not differ significantly from the inci-
dence of tamponade in cases where atherectomy was not used
(3/254 v 21/5991 (0.4%), NS). Figure 2 shows the number per-
forations resulting in significant pericardial effusion per year
and the proportion of these procedures during which the
glycoprotein IIb/IIIa antagonist abciximab was used. Of the 10
cases of perforation where abciximab was used, 9 (90%) were
complicated by a significant pericardial effusion and only one
was benign.

In five instances pericardial tamponade became clinically
manifest > 2 hours following the procedure. In four of these
five cases (80%) abciximab had been administered. In three of
the five cases a hydrophilic wire had been used, in one an
intermediate tip wire, and in one a floppy tipped wire. Vessel
perforation was not clinically or angiographically obvious at
the conclusion of the procedure in any of these five cases and
the mechanism of vessel perforation was believed to be distal
branch puncture with the guidewire tip. In two separate
instances tamponade became manifest in the catheterisation
laboratory recovery area between 30–60 minutes after the
procedure. Abciximab had been used in both of these cases
and platelet transfusion was carried out urgently. In the
remaining 17 cases of pericardial tamponade clinical presen-
tation occurred at the time of the procedure.

Table 1 Baseline clinical and angiographic
characteristics of patients with coronary perforation

Age (years) 52–82
(median 64)

Women 25 (48%)
Diabetes 4 (8%)
Hyperlipidaemia 27 (52%)
Hypertension 25 (48%)
Recent myocardial infarction (<1 week) 5 (10%)
Previous CABG 3 (6%)
Lesion morphology (ACC/AHA)

Type A 2 (4%)
Type B 19 (37%)
Type C 31 (59%)

Chronic occlusions 9 (17%)
Impaired left ventricular function (<30%) 4 (8%)

ACC/AHA, American College of Cardiology/American Heart
Association; CABG, coronary artery bypass graft.

Figure 1 Clinical management of patients with coronary vessel
perforation following percutaneous intervention.

Table 2 Drugs and equipment used where
intervention was complicated by coronary perforation

Device used
Balloon only 22 (42%)
Intracoronary stent 26 (50%)
Thrombectomy device 0
Rotational atherectomy 4 (8%)

Type of guidewire
Floppy tip (non-hydrophilic) 22 (42%)
Intermediate (non-hydrophilic) 14 (27%)
Standard (non-hydrophilic) 2 (4%)
Hydrophilic 14 (27%)

Heparin dose (U)
5000 13 (25%)
10 000 36 (69%)
>10 000 3 (6%)

Glycoprotein IIb/IIIa antagonist 10 (19%)

Figure 2 Number of patients where coronary vessel perforation
resulted in haemodynamically significant pericardial effusion per
year.
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DISCUSSION
In this study we have reported an overall incidence of coron-
ary perforation of 0.77% during or following PCI. The
incidence of perforation that resulted in a haemodynamically
significant pericardial effusion is less at 0.38%. This is consist-
ent with previous reports,1–6 although in these studies the
definition of vessel perforation varied. Gruberg and colleagues
reported an incidence of 0.29% but in their study the clinical
spectrum of the cases was not clearly defined.1 Approximately
a third appear to have developed cardiac tamponade. Von
Sohsten and colleagues on the other hand recorded 15 cases of
cardiac tamponade occurring in 6999 coronary interventions
(0.21%) but benign perforations that were treated by
conservative means were not described.2 Their case mix
included instances where tamponade had arisen from damage
to the right ventricle by a temporary pacing wire rather than
the coronary artery per se. Some of these investigations were
conducted over a decade ago in the era of balloon angioplasty
alone and clearly the equipment used for intervention has
evolved since that time. This is discussed further below.

Atherectomy
Von Sohsten and colleagues reported on pericardial tampon-
ade during the “new device era”.2 They reported eight cases of
tamponade in 743 rotational atherectomy procedures (1.1%).
Gruberg and colleagues, analysing a subset of their patients
treated between 1995 and 1999, reported an incidence of
0.4%.1 Reisman and colleagues described the outcome of 2953
atheroablative procedures between 1988 and 1994 incorporat-
ing two chronological registries.8 In the first registry 23 of
2953 cases were complicated by perforation (0.8%) and in the
second the incidence was one in 200 (0.5%). Our findings were
similar to these previous reports in that three of 243 rotational
atherectomy cases were complicated by tamponade (1.2%)
and a further single case of perforation was managed
conservatively. Perforation is a rare complication of rotablation
even though patients selected for this procedure often have
calcified coronary arteries (one of the main indications for the
technique). Calcification is a well recognised risk factor for
perforation during PCI, irrespective of the equipment used.9 10

Platelet inhibitors
The use of glycoprotein IIb/IIIa inhibitors (in particular
abciximab) during PCI has increased significantly over the
past two to three years. This is particularly relevant to centres
in the UK following publication of the National Institute for
Clinical Excellence recommendations.11 The rationale for this
increase is evidence for improved short and intermediate term
outcome after PCI, particularly in diabetic patients and in
those where an occluded vessel is treated.12–14 Abciximab is a
potent platelet inhibitor and these effects are manifest from
the time of bolus administration, persist throughout the
course of infusion, and may last for 12 hours after
discontinuation.15 16 Therefore, the severity of any bleeding
complication arising from the intervention is likely to be
accentuated by this agent.

As indicated in fig 2 an appreciable proportion of the cases
of tamponade in our cohort reported in 2000 and 2001
followed procedures where abciximab had been used.
Furthermore, 9 of 10 (90%) perforations that were associated
with this agent required pericardial drainage and 4 of these
patients developed clinical signs of tamponade after a delay of
> 2 hours after the procedure. Retrospective review of the
angiograms of these late presentations found minimal or no
evidence of dye extravasation from the coronary vessel. The
mechanism of the leak into the pericardial space was deemed
to be a distal vessel puncture by the guidewire and the degree
of bleeding was augmented by evolving platelet inhibition.
Von Sohsten and colleagues reported only three cases of
perforation and tamponade associated with this agent but

indicated that it was used in only 20% of PCI procedures in
their institution.2 This compares with a current usage of
approximately 60% of all cases in our unit, perhaps accounting
for the higher incidence of tamponade in our study.

These results serve as a cautionary note about the use of
abciximab. This applies in the treatment of chronic occlusions
where the potential for wire exit is likely to be higher than in
a conventional case. One approach is to withhold the admin-
istration of abciximab until the occlusion has been safely
crossed with the guidewire and the operator is confident that
the tip of the wire is seated intraluminally in the distal bed of
the vessel. Our findings also suggest that in all cases caution
should be exercised in positioning the tip of the guidewire
distally, particularly if a hydrophilic wire is used. Where there
is evidence of a perforation during a procedure where abcixi-
mab has been administered, careful clinical observation is
prudent. Most importantly, a platelet transfusion should be
strongly considered.

Covered stents
There are now several reports of the use of covered stents to
seal coronary perforations with good effect.17–19 Clearly this is
more effective if the perforation is located in the proximal or
mid-portion of the index vessel and the guidewire is correctly
positioned distally in the true lumen. In two cases in our series
these devices were successfully deployed and dramatic
extravasation of dye and blood was terminated, with good
clinical outcome and without the need for surgical interven-
tion. One limitation of the covered stent is a lack of flexibility.
Thus, rapid deployment in calcified and tortuous vessels may
prove technically difficult, particularly in emergency condi-
tions. Nevertheless, they provide a valuable rescue option in
selected instances and should be considered early in any
treatment algorithm.

Study limitations
Although the data reported in this study were recorded
prospectively, this report is a retrospective review of our
experience over a six year period. As such, treatment options
have not been compared in this study and little statistical
analysis has been required.

Conclusions
Coronary artery perforation with sequelae during interven-
tion is rare. This complication is seen in the treatment of
chronic occlusions, which should not be regraded as risk-free
procedures. The use of newer devices such as rotational
atherectomy to treat difficult coronary anatomy carries a low
risk of coronary perforation. The development of pericardial
tamponade carries a high mortality. While prompt surgical
intervention may be life saving, expertise in the use of covered
stents may provide a valuable rescue option for this serious
complication. Caution should be exercised where coronary
perforation occurs and abciximab has been used.
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IMAGES IN CARDIOLOGY.............................................................................
Coarctation of the aorta with lower blood pressure at the right upper extremity

A26 year old woman was referred following the discovery that her
blood pressure greatly differed between her upper limbs (left
arm 180/80 mm Hg, right arm 90/70 mm Hg). Her pulse was

barely palpable in the lower limbs and in the right upper arm there
was a pulse delay compared to the left upper arm. The diagnosis of
coarctation of the aorta (CoA) was made based upon physical exam-
ination and echocardiographic findings.

The diagnosis of CoA could not explain the difference in blood pres-
sure between the upper limbs and the higher reading in the left upper
arm.

Magnetic resonance angiography revealed a discrete CoA at the
isthmus level with associated mild poststenotic dilation and without
significant collateral circulation. The origin of the right subclavian
artery was located at the stenosis level and the vessel was hypoplastic.
The left subclavian artery originated above the stenosis and was of
normal calibre. The two common carotids originated directly from the
aortic arch and were normal at their bifurcation. The circle of Willis
was normal.

This case of CoA was somewhat unusual in that the origin of the
right subclavian at the CoA level was abnormal while that of the left
subclavian origin was not. This finding can explain the unusual find-
ing of the physical examination where the patient’s blood pressure
was higher in her left arm. This case illustrates the superiority of
magnetic resonance angiography in the evaluation of CoA in adults.
The patient underwent successful balloon dilatation and stent
implantation.
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